ABSTRACT
and manner in which the relationship, which we conceptualise as a symbiosis effect, is an We approach our central question through an interdisciplinary lens. A single discipline study has where greater involvement of consumers in the sort and separation of recyclables is desired.
44
Finally, the findings advance the credibility of RL as a means of enhancing sustainable living. The remainder of the paper is structured as follows. First we outline the role of RL in an end-of-
49
life context, explain the two bodies of separate precursors (situational and personal factors) that 51 we suggest interact to create a symbiosis effect which affects the performance of HWRS, and 52 53 present our conceptual framework. We then outline the principles of our mixed method approach investigation and then present our findings. We conclude with the contribution of the study,
implications for RL theory and practice, and limitations of the study. One under-investigated area in RL is how to deal with 'end-of-life' or 'end-of-use' goods (Xie recycling and management of waste has followed the increasing prevalence of end-of-life take- MSW (Dovidio, 2013 ). This appears to be a problem for logistics research in general and RL
55
service design and implementation in particular. For the management of household waste recycling systems (HWRS), recycling can be defined as The consideration of RL in HWRS is from the turning point at consumption and going back There is also a distinction between source-separation and post-separation activities for RL (Bing   47  48 et al., 2014). Source-separation involves the 'supplier' (i.e. the consumer) presenting pre-sorted 49 recyclables for collection, whereas post-separation occurs at a separation centre after collection.
51
Thus the physical aspects of RL channel design for source-separation starts with the provision of 52 53
waste containment for the supplier or consumer, e.g. wheelie bins, kitchen food waste baskets, 54 55
and biodegradable recycling bags. As with other suppliers, a municipality or LA must treat households as an external element in an 6 7 exchange relationship. The question is how to motivate them to separate waste, which is cheaper 8 9
LAs than post-source separation of co-mingled waste, but risks lower participation rates. Studies 10 have shown that a range of logistics design factors influence recycling behaviour. We refer to 12 these as situational factors, i.e., those factors that are controlled by the LA and which comprise 13 14 the HWRS presented to households to and which influences the extent to which they comply.
16
These can also be considered 'hard' factors that can be quantified and measured ( residue of one entity becomes the input or another, to the mutual benefit of both (Deutz, 2014).
10
Extending the concept of industrial symbiosis to encompass post-consumer waste raises 12 additional co-ordination challenges (Deutz, 2009). To date, however, the idea of a symbiotic 13 14 relationship has not been employed in the analysis of an RL-HWRS for MSW.
16 17 18
We see waste collecting, sorting, reduction of contamination and recycling as the outcomes of an 19 effective RL system, and we will refer to these factors collectively from here on as improved diminished. As such, we further posit that the symbiosis effect cannot be ignored in design of 4 5
RL-HWRS if positive outcomes in respect of recycling levels are to be achieved.
The preliminary conceptual framework guiding this study in Figure 1 is derived from multiple behaviour (Ajzen, 1991).
18 19
To consider HRB as the first-stage of the RL system and to gain a better understanding of In addition, studies conducted using Norm Theory also offer insight into matters of personal elements fall outside this consideration, and we incorporate these factors into our model. 
METHODOLODY

10
One of the problems with gaining insights into the postulated symbiosis effect is that of 12 complexity. Consequently, our approach is pluralistic in a number of ways, supported by our 
FINDINGS AND DISCUSSION
37
The first inductive (qualitative) phase of fieldwork and analysis involved cross-case and within The demographic profile of the remaining twelve respondents was diverse; they lived or used to The sample included nine female and five males aged between (24 -52) years (mean age = 29).
5
More females (67%) than males (33%) participated in the interviews, which is consistent with
past research in recycling (Smith, 2008) which noted women were more likely to participate in
research where environmental issues were the major concern. The recycling experience of 10 respondents ranged from two to twenty years, with three of the respondents reporting that they 12 had been recycling before LA recycling initiatives started.
14 15 16
Conversations were digitally recorded, transcribed and subsequently coded using NVIVO Figure 1 and we summarise in Table 1 Riding (County of) had opted for co-mingled strategy a bit later than Hull however the East Riding had 44 introduced brown bins (similar to Hull) which had increased their composting performance which as a whole 45 increased their recycling performance in comparison to Hull. Accessibility (closer distances for drop-in) and 46 availability (public amenities) in the recycling systems were probed and responses were that financial 47 constraints were a major barrier to providing such services to households. Marketing initiatives were an 48 important factor in promoting HRB; however limited financial resources deterred local authorities from 49 engagement with households. Analysis of the transcripts revealed a number of codes, some which were combined as similar Other aspects such as the provision of services and facilities from LAs (wheelie bins, liners, also found that interaction and engagement from the municipality was of significant importance.
28
The results of phase one broadly provided support for our conceptual model in Figure 1 Municipalities and Households (n=14) contributed as a theoretical framework. and the unit of analysis was the household. A postal-survey questionnaire was sent to 500
households from each area (1000 in total). In addition, to allow for the impact of the low 10 response rate normally associated with postal surveys, an online survey was also published via a 12 social media platform, the affiliated community networks of the local municipality's, a public 13 14
community online news network with selected companies within the population parameters.
15 16 Table 2 shows the theoretical sources behind the 55 items used in the survey. The final realized sample amounted to a total of 212 usable questionnaires derived from postal 39 40 surveys and an additional total of 200 usable online questionnaires (412 in total). Table 3 41 provides a summary of the socio-demographic profiles of the respondents. The sample was (75%), and had been living in the same property for more than four years (69%). The frequency 48 analyses in Figure 3 that more than 90% of households were clearly aware of why they recycled.
17
50
Many considered their motives for recycling as being grounded in a belief that recycling 51 52
improved their environment and that they wanted to live in an environmentally conscious authority (n=412) and a correlation between composite personal factors with those four demographic items had a In order to examine whether personal factors interacted with the four situational factors, a 44 45 multiple regression analysis was performed and the results are shown in This analysis showed that both situational and composite personal factors interact to manifest 20 21
HRB. An initial inference statistical analysis was applied to investigate initial relationships We also performed an inferential statistical analysis, a summary of which is presented in Figure   42 4. First, the interaction between accessibility and availability, as well that between convenience and availability of recycling facilities the performance of recycling initiatives by municipalities. 
CONCLUSIONS
35
This article has investigated the proposition there is a symbiosis effect for exchanges between 36 37
HWRS and HRB within the RL discourse, and identified such an effect between households and 38 39
LAs which influences the effectiveness of recycling schemes. We envisioned households, or geographically contiguous municipal areas.
9 10
The second phase descriptive analyses showed no differences among aspects of self-awareness,
12
self-efficacy, social norms, knowledge, experience and dynamic household or personal factors convenience, availability and accessibility and supporting the existence of a symbiosis effect. The behavioural theories such as norm activation, theory of planned behaviour, a model of 38 39
recycling behaviour, and a consumer behaviour setting were found to be important in convenience and engagement by municipalities or LAs.
48 49
The findings also point to significant efficacy in the deployment of a mixed-methodology literature that has largely examined such factors in isolation. Finally, the outcomes from this sampling approach would further investigate the robustness, which would also be enhanced by
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